Chemical camouflage of nanospheres with a poorly reactive surface: towards development of stealth and target-specific nanocarriers.
A two-step approach is described to chemically camouflage the inert surface of model polystyrene nanospheres of 60 nm in diameter against recognition by the body's defenses. The first step was based on the strong protein adsorbing potency of polystyrene, and the second step utilized the chemical reactivity of the adsorbed proteins for conjugation with cyanuric chloride-activated methoxypoly(ethyleneglycol)5000, mPEG5000. Bovine serum albumin (BSA) and rat IgG were used as models of non-immune and immune proteins, respectively. The maximum adsorbance values for both proteins were near expectation for a close-packed monolayer. Adsorption isotherms studies and analysis of the hydrodynamic thickness of the adsorbed protein layer confirmed the close-packed side-on mode of adsorption for BSA and the end-on mode of adsorption for IgG, respectively. Nucleophiles on the adsorbed proteins were then reacted with cyanuric chloride activated mPEG5000. The average poly(ethyleneglycol) (PEG) content for a 60-nm nanospheres was found to be 13.7+/-0.4 micromol PEG/micromol BSA and 3.6+/-0.3 micromol PEG/micromol IgG. The interaction of both PEG-bearing nanospheres with the hydrophobic column material octyl-agarose indicated surface heterogeneity among the nanospheres. Only nanospheres with the most hydrophilic phenotype (approximately 70% of the total population) exhibited stealth properties after intravenous injection to rats. In contrast to the described approach, incubation of uncoated nanospheres with preformed BSA-mPEG5000 conjugates failed to produce long circulating entities. For design of splenotropic particles cyanuric chloride-activated mPEG5000 was conjugated to BSA-coated polystyrene beads of 225 nm in diameter. Despite their stealth property to hepatic Kupffer cell recognition, these nanospheres were cleared by the splenic red pulp macrophages.